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I. INTRODU(CTlON

Item reponse theory, often referred to as latent-trait theory, has provided
the tools for solving the problem of tailoring a test to the individual.
Traditionally, the same test is (liven to all individuals regardless of the
ability level of the individual and th iifficulty level of the test. This
misi atch may result in decreased precision of measurer~ent which lay, in turn,
lead to misclassification, errors of selection, poor use of scarce resources
and selection of individuals who are ill-equipped "o perform the tasks at nand.

The developimfmt of lat ent-tra it thory (see Lord Y, Novick, ]9(") h or bo the
latest in a constant trend toward making human aptitude measurement more
precise by adapting tests to examinees.

As early as the beginninq of the twentieth century, Alfred Binet (see Peterson,
1926) developed adaptive tests for educational screening. The success of the
group-administered tests dveiop', du riq the first World War, cnupled with the
long administration time of the Binet tests, changed the course of test develop-
sent to efforts aimed at producing the more economical paper-and-pencil group-
administered non-adaptive measurements which have become the standard.

The advent of relatively inexpensive and portable computers has made feasible
computer-directed adaptive testing. In the last decade, numerous studies have
been undertaken in an attempt to accomplish adaptive measurement using
computers (see Weiss, 1977).

Computers, however, are prctie to failures at unpredictable times and are still
more expensive than paper-and-pencil media. This effort, therefore, was
designed to investigate the feasibility of developing sophisticated adaptive
tests which do not rely on computer administration techniques. Such tests
would eliminate the need for costly machines, capture the advantages of latent-
trait theory, and be as portable as ordinary test booklets.

II. METHOD

The Adaptive Test

For thois effort, an adaptive test was defined as a test composed of several
scorable i terms which were administered sequentially, so that the item presented
was based on the results of the Ireceding question , or on the results of all
the preceding questions. In an adaptive testing environment, the exarmilnee is
routeld from item to item so that. iot all exlmninres, macr'ti lv answer all
questions ior ncessarily the salm, number of questions (M([Bride, 177).

Ite, Pools

,l a d ;tiv (ni rt,( a eas ,lhl ord Knriwlf.lte ( .K) ard At ithlmit eirm mld nl ( ,)
,.. r j. lj,ol t r thf, adii tivo tw",t . iJ,,inq the i, irxirmm r li l ihood r t p fdure

1w , ,mrn i hfd t,' i. 11m mms'/ ,mmd Ilrd ( 1U)7 .) , tho tist it w , f (o trrsm' ( omti t ,11 t tFj

ri ! t i ll i tr'ltn 0 ' I mll o (f 'i p r x i;;lte I / I , Cap) i i i tn f rl'((ri l j t - . [,I(
abi i it/ at e was ca I ibrated selarsItel V usilnil the t.hr e-1nrmttter ltr iit ik
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Prototype I1

Prototype 11 (Pll) consisted of a set tit two qiemt. i0n bokl et,. for each subtest.
1Ihe questions for the first part of each subtest were Ipresnnted in a smal I,
spiral-bound booklet which conta ined tabbed 7. 6? x 1?. 70 cm (3 x 5-inch) cards
and cover pages. The questions for the second ;,,irt (f thw subtest were printed
in a booklet 21.52 x 27.94 cm (8 1/2 x 11 inches). Th, exmineos were referred
to the appropriate measuromen t test. based on thi, direct s ins provide d on a
sloparate one-paqe instruction sheet. iach ex,wiinee used1 a tetal of two sets of
question booklets and instruction sheets for each adinistration.

The answer sheet for Pl I was scannatble and had invisihl numbers and marks
preceded in the response areas. lhe examinees ied special crayens to mark
their answers. Use of these crayons revealed the previously hidden marks.
(J'e 27.94 x 13.1T cm (11 x 17-inch) answer page printed on both sides of the
paper was used for the subtest.

A - tita 1 was Iprovided for the administrator to explain the procedures to be

- .',d in PII. A visual aid was provided to aid the administrat.or in

explaining the routing directions for P11. The viqual aid was constructed
to illustrate how the hidden marks were to be revealed on the answer sheet
to respond to each test item.

Prototype III

For this third prototype (Pill), the questions wore presented in a 21.52 x 27.94
cm (8 1/2 x 11-inches) booklet. The responses were recorded by the examinees on
a carbonless transfer answer-sheet set. Each examinee used two question booklets
and carbonles transfer answer-sheet sets. Each answer-sheet set was specifically
designed to correspond to a particular subtest.

A carbonless transfer answer-sheet set consisted nf twn pages. The top page

was a Pklchine-scannable answer sheet that was spot -q )ued to a second sheet
-f paper. The reverse side of the machine-scannable answer sheet was covered
with a block pattern to inhibit reading of the second sheet, and was treated
so that markings made on the answer sheet were transferred to the second
page of the set. Ihe second page provided the examinees with instructions

that routed them to the appropriate measurement test based on their responses

to the first part of the test.

'n instruction ,anual for Pill was provided to the administrator. Two visual
,1ids were used bv the administrator to explain the routitni scheme for Pll1.
i,neh vistual aid correspondei to one page of the, answer-street set. A pen
eiitn water-based ink was previded for use by the administrator with the visual
aids.

houting Test Development

Th,  ro!ut i nq test for Prototypes I and 11 (PI and P11) dir'cted the examinee
from item to item depending on the response to the previous item. A maximum
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information i ter-selection procedure as sed for IFs inro)ut. nfj tests
(Sympson , 1977 ). I tems wh ich ma ix imi .'td the itern- i fif orit i,)i fuvc ti on
Bi rnbaum, 1968) at the es- tiimated abi 1 i ty lvel] o, wer- sel ectfsd aftefr each
temn was answered. Fourteen it ems were ava ii ahi in each of thesc tests.

Figure 1 shows the possible paths through the itemis.

4 
em

(*)+

12 1311

Figure 1. Pa ths through the rout i n tests for, P1 and I11l. (Niuwiho-r-s i nd ica te
items; and + and - indicate correct and incorrect responses, respectively.)

The routing test for Prototype, III (PIIl) w-as a sOtt peaked measure, of
abil1i ty. There were eight items; used in the Arithmetic Reasoning test and
10 items used in the Word Knowledge test.

Design of Administration Instructions

The administration ins truc tioen,; were p~rep~ared as in t eqra 1 parts of the psroto-
types . The test administrators were only to he available to reinforce these
instructions or to answer appropriate questions.

The instructions were tried out with a numher of vol untners whose aqjes rangled
from nine years through adult an(] whose educational levels ranged from fourth
grade through graduate school . On the has is of thoseo jre-pxperiwental trials,
changes were made to the instructions, in the prototypes, andi Co the admi nis -
tration instructions-. InItructionus f(Ir thfy r1as-t is( sessisuss and the' spocial
visual aid(s appropri ate to eui(.h jirotot ypiu wfsrt dovslnjwd and refined. The
administrators were trained in the use of these materials.

Field Test

A total of 711 ai rmen participated in the field tes-t . 1itoh t ook the 'Ward
Knowl edge (WK) and Arithmetic Reasonrig (AR) ststsfrom the- Armed 'rv ic-s
Vocational Apti tude Battery (AIVAB), as, we1l 1tas the alipt ive WK and AR tests.
In addition, enlistment qual ific at ion scores, ( 5orrtS o'f record) onl the
Mechanical, Administrative, General, and Electronics (M,A,G,E) composites of
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the ASVAB, as well as the composite known as the Armed Forces Qualification
Test (AFQV), were available for every subject. Other demographic data were
also collected.

Instructional manuals were prepared for use by the administrators in assign-
ment of subjects to prototype and subtest. At least 40 subjects were tested
at each session. If the administrators encountered any problems at any of
the sessions, they were asked to record these problems and resolutions in
the manuals for review by the contractor. The initial day of administration
was observed by the researchers.

For the field tryout of the prototypes, a practice test and an actual test
were administered. Half of the subjects were randomly assigned to the WK
adaptive tests and half were assigned the AR adaptive tests for the practice
test. For the actual testing session the assignment of subjects to an
adaptive test were reversed. Those subjects who were assigned the WK adaptive
test for the practice session took the AR adaptive test during the actual
testing session and vice versa. Thus, for each testing session, two adaptive
tests were administered to each subject, one for practice and one for actual
scori ng.

Ability estimation in the routing test for PI and PHI were determined from
maximum-likelihood estimates of ability for each of the 32 possible combinations
of right and wrong answers.

The routing test of PIll was designed so that all examinees took all items.
These items were arranged within a short band and produced a peaked-test
information function. The resultant ability estimate was used to route
examinees to the appropriate measurement test.

Measurement Test Development

The measurement tests for PI and PH1 were the same. The medium for adminis-
tration of each prototype differed. The tests were developed to provide

maximum imeasurement pre, ision within a relatively narrow range. This range
was determined by the resultant o from the routing test. In order to ensure
adequate coverage of the ability continuum, the measurement test information
functions were carefully designed to overlap. Figure 2 represents the model.

Test I II 1I1 IV V

_; nr -1 .5 -1 .9 . 0 .5 l .'0 1 .5 2 .0

Figure 2. Wverlappinq information functions for measurement tests.

5



to:, ,,'. ti LIII w(,re (Istituted in much t ieo sa me manner as
t , ha ( t t i ng points were based on the nlumber right

, ,ro; fh , how the actual informat lion functions for

cit ",t.r all prototypes for both aptitude arer'.

III. RESULTS

1o m,;e 1,1,t 1ori -aiapti ye WK and A test scores were
".it) to T. T tII, 1 presents these statistics for the entire

,t , , and 2% ;ercent feuial,-o. Ttu le I shrins

•. ' , , r', , bta i .d by sub lec ts for each prototype
t, , rf ,i-putd toir all the variables. Tables 3, 4, and 5 show

Fion, 'For all variables for PI, PII, and PIII.

• c. , illput,,d (1 awards., 195,) to determine if there were differences
,' * .J, il tii', (irrrf1lifi of the paper-and-pencil tests with AFOT and the like-

t1od ad1t, v .e t for AFQT. In no case were the differences significant
,at the predetermined p <.05 level.

The time req1jiret to complete the adaptive tests was recorded. AS.VAB adiin-
itratie ivies are fixed. Table 6 displays a descripticn of the time required

to complete both types of tests.

The subjects also were questionci as to their perceptions of the adaptive tests
as comipared to traditional paper-and-pencil tests. Table 7 presents a suimmary
of their responses.

IV. DISCUSSION

Three prototype methods were developed to test the efficacy of the use of
p,per-and-pencil adaptive tests. Routing of the examinees through the test
was accomplished by one of two procedures. In one routing procedure, the
examinees were routed from item to item, depending on their answers to pre-
vious items. The sequence of items answered determined the second-staoe
level of testing. The second routing procedure provided for all the examinees
to uns.*, thU same i tents iH the first-stage test. The number of corrrect
resK,,oises in the first stage determined the second-stage level of testinf.

o sojit,.s ( itnitt. i~, Pe ,sc mini g and Word Knowledge) were adiliIi i ft(.re
to each examinee in a counterbalanced design: one for practice and one for
the actual test. The items for these subtests were selected from itm ools
:irovided by the Air Force Human Resources Laboratory. AVAB suhtests in the
ome areas were also admini stered to each examinee. [xaminees participated
,is b,jbects for one of three prototypes. These data were correlated with the
A,%AB subtes t score of the same name, and enlistment qualification con1pos ites
obtained from existing records.

The results of the analyses showed that the prototype oiethods were successful.
There was a high correlation between the ability e-stimat.es of the exaiiinees

on the subtests within each prototype and their( scores on correspondinq ASVAB
subtests. Significance tests indicated that these observed correlations did

I C l
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Tabl" I

Descriptive Statistics A(W and Test 'cores* for Subjects

(N=711)1

Variable Mean 1u,. KurtosisP.v i it inn

, e 0 "d! 1 10 .1
..., ear, , .Si

A6i 64.98 15.11 .32 - .45

M 61.?9 25.05 ..05 - .96

A 69.71 19.17 .66 - .02

G 72.56 15.1 - .30 - .,O

E 71.72 17.62 - .75 .03

ASVAB -WK 22.57 4.92 - .48 .46

13.90 3.'9 1 .03 67

A, F n.i at, t,:nrt,,1 in I erct,rtile elivalents

v.n I iwr od (Ind ar, reported in nu;:.ber riuht-score.

Table 2

,,,F rt fr ,ord Ktnow,ed(i- anl ,i th refic
Rcaso .iro Adoptlve lests.

Pro .otype A pti tude 'Mean i n N

-. .7') 111

1 ', :. '! 1.t}?7 3

I I ,. - 1 .76 1 17

I i ,.'" -. 1: . il 120

I [I [, -.iJ2 .84 104

I I i. .21 .W) 67

11



Intrcorrelat i ,, of At , .I ' " mlod T , ,

f, , P1 (Itotj I

Af ()I A(A "4 X1 A f( Al

AFQT .24 - .01 .63 .381 .40 .V3 .69 .63 .63

AGE .24 .25 .0 -. 05 .:4 . 0 -. 95 .63 .11

SEX -. 04 .14 0 -. ) -. 6? .0 3 8 - .?9 -. 04 -. 05

t .77 .3b .05 38 2 .60 53 .42 .74

M .46 .15 -. 52 .32 1-.2 .31 .5B .36 .33

A .44 .02 .11 .29 .06 .54 .13 .35 .40

G .88 .20 - .04 .78 .39 .5? .50 .75 .59

E .77 .01 -.29 .41 .61 .26 .50 .40 .49

WK .69 .30 .03 .84 .43 .16 .71 .?8 .40

AR .63 .?1 -. In .44 .44 .41 .4') .47 .40

Entries above di,ioral ar, for ,"rithriet ric Y,,"or' i'ri addtiv e
test, , licd 11h)"e l ow trwin' ',i . ,i.,' ,,;'j d,;t , tn' t.

Variables for Prototype 1.

AFQT AGE SEX M , A C; L WE AR

AFQT .09 -. 15 .56 .39 .34 .83 .73 .66 .59

AGE .13 .23 .06 -. 09 .18 .08 -. 03 .24 .01

SEX -.06 .25 -.20 -.69 .24 -. 11 -.44 -.20 -.34

"2 .25 .06 .41 .31 .51 .48 .33 .68

M .39 .00 -. 66 .23 -. 09 .35 .59 .37 .44

A .35 -. 01 .28 .37 -. 15 .35 .10 .11 .22

G .87 .12 -. 04 .79 .30 .4? ,4 .73 .61

E .74 .01 -.44 .34 .62 .15 .59 .46 .51

WK .64 .20 .03 .87 .26 .39 .76 .35 ,43

AR .59 .00 -. 15 .51 .33 .49 .67 .6? .55

*Entries above dimional for Arithlmi'tic , i ,, iiptiv,,

test - '.' (ind tho~i el m-it 'W tIre h i Urilf r1i ' ,,'12' alptiv( test.

1?



Tabl !)

Int t r relit irv , f ,'. T, Ale, Sex, and Test core
Var I it' I ( I r Pr() tot V ' Ill.

Af QT AOL SE ( 0 ., A C) L WK AR

AFQT .15 NFS** .51 .51 .55 .84 .75 .68 .51

AGE -. o3 X .18 .05 .21 .14 .07 .15 .14

SEX** X X X X X X A X X

.69 .06 , .27 .44 .46 .43 .25 .73

M .50 -.10 X .40 .05 .35 .63 .39 .32

A .38 .24 X .36 .11 .63 .30 .32 .50

G .89 .02 X .73 .50 .35 .5/ .77 .53

E .8 -. 10 X .54 .70 .32 .81 .42 .42

WK .70 .06 X .135 .41 .40 .72 .59 .32

AR .74 .02 X .54 .43 .51 .76 .74 .59

-ltr i-a! v, ' 1-, , i , E t r An 1 Th --11111 -t IC 1; , Eive

'st , ,m d t wh ,f. t, , ,r , ,i tw e A.jord m(wled', adaptive test

**No female subjects.

Table o

Mean ad Stadfrd Deviitimo of Test Administration Ti,,es.

lest Mian TiJ e, Standard )eviat ion

AS'. '.3

WK ZO *

Pi
AR 21.!17
WK 10.38 2.98

PII
AR l1.(,1 5. lB)

WK 1.19 2.0/

Pill
AR 10.47 5.66
W. 73 .1

*ASVAB tests of AR and WK are fixed timxe.
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not differ. Ihe adaptive tests and the linear tests appear to be measuring
the same aptitude.

Savings were obtained in the average time required to complete the adaptive
tests (is compared to the conventional paper-and-pencil test. The Arithmetic
Reo( oninq (AR) subtest and the Word Knowledge (WK) subtest represent the
iem types which usually require the most and least time per item to admin-
ister, respectively. Reduction in AR time was about 66 percent of the usual
re.i red time, while WK time was reduced to less than half the usual time.
A fu-ly adaptive battery could be expected to allow for an increase of six
r,&,tests k iven in the same time required to administer Forms 6 and 7 of the
A[3 , . This would provide superior measurement by enablinq more data to be
collected on each examinee. Reduction in classification decision errors
would devolve from this additional information.

f xuiinees responses to the questions on perceptiontS ,ii,t tho tw o - f o , i v
test inq pro tot ypes were generally favorable, as has been found elsewhere
(Prestwood & Weiss, 19721). These methods allowed them to be tested at their
a level of ability and to proceed at their own rate. In addition, many
felt that this kind of testing was easier than traditional testing because
there were fewer items to answer, and the test taking was less fatiguing than
traditional methods.

This effort provides a successful demonstration that adaptive testinq can he
cOnducted without the use of expensive computers. Further exploration and
de'elopmient with other aptitude areas arid with a traditional criterion will
hav to be ai:cnmpli shed before any long-range decisions are made about the
(;eneral implementation of these methods in the Armed Forces testing program.
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AFHRL-TR-80-66 (AD-At'Q7 353) Friedman Adaptive Testing Without a Computer

l)ne to norming problens encountered with ASVAB Forms 5. 6, and 7. pereentile scores derived from
these test forms are in error. While the relative ranking of individuals by their percentile scores would not
be affected by the norinig errors. their absolute score values would be different. Therefore. descriptive
statistics reported in th.. suibject technical reports above are erroneous: other types of analyses in the
report which use ASVAB percentile scores should be interpreted with caution.

NANCY GUINN. Technical Director

Manpower and Personnel Division
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